was sufficient for NR2B binding. This domain is present only in neuron-specific RasGRF1; it is absent in the otherwise homologous, ubiquitously expressed, RasGRF2. The shorter peptides (amino acids 714-841 and 835-913) did not bind NR2B ( Figure 2B ). Thus, truncation of the RasGRF1-specific sequence from either the C or N terminus resulted in loss of binding, suggesting that several separated protein segments may be responsible for specific interactions. Therefore, the RasGRF1 domain interacting with NR2B is localized between amino acids 714-913 of RasGRF1. The peptide encoding this region of RasGRF1 was designated as the RasGRF1-BD and used in subsequent experiments.
The NR2B bait (amino acids 886-1310) bound RasGRF1 in vivo and in vitro ( Figure 1A ). This entire amino acid segment of NR2B constituted the best interacting peptide; a peptide encoding the distal portion of the bait (amino acids 1136-1310) did not bind RasGRF1 in vitro, and a peptide with a shorter C-terminal segment were sufficient to disrupt the interaction between NR2B and RasGRF1 in the native complex, we immunoprecipitated NR2B-RasGRF1 complexes from 6-to 8-weekin Figure 1B , RasGRF1 did not co-immunoprecipitate old rat brains in the presence of purified NR2B-BD and either NR1 or NR2A from HEK293T cells co-expressing RasGRF1-BD NusA fusion proteins. Both NR2B-and these subunits. Finally, NR2B and RasGRF1 were coRasGRF1-BD fusion proteins (3-5 M) completely immunoprecipitated from solubilized rat brain microblocked co-immunoprecipitation of NR2B and RasGRF1 somes ( Figure 1C ) or from 14-day-old primary cultures ( Figure 2D ). Thus, both NR2B-and RasGRF1-BD were of dissociated rat neonatal hippocampal neurons (not sufficient to disrupt the NR2B/RasGRF1 native complex. shown). These data provide evidence that NR2B and RasGRF1 interact directly and associate in a molecular complex in native neurons. Figure 3B , RasGRF1-DN significantly suppressed NMDA-and bicuculline-induced ERK acti-NR2B-RasGRF1 interactions.
Disruption of NR2B-RasGRF1 Interaction Abrogates NMDAR-Dependent ERK Activation
The domain of NR2B interacting with RasGRF1 vation. Overexpression of RasGRF1-DN did not significantly affect BDNF-and depolarization-dependent ERK (NR2B-BD) and the domain of RasGRF1 interacting with NR2B (RasGRF1-BD) were determined by binding in activation. If NR2B-RasGRF1 interaction is critical for signal vitro translated full-length molecules with in vitro translated epitope-tagged fragments of NR2B or RasGRF1, transduction from the NMDAR to ERK activation, then disruption of this interaction should prevent NMDArespectively (Figures 2A and 2B ). The N-terminal portion of RasGRF1, which contains multiple functional domains dependent ERK activation. To disrupt the RasGRF1-NR2B interaction in living neurons, we transfected pri-(amino acids 1-720; Figure 2A ] i . To in Figure 3B , the expressed NR2B-and RasGRF1-BD peptides had no effect on depolarization-or BDNFtest this possibility, we studied the properties of the NMDAR-mediated currents in neurons expressing BD induced ERK activation. Furthermore, NMDAR-dependent phosphorylation of the CREB transcription factor fusion constructs. The expression of either binding do- We define E T and E I as the total and ifenprodil-insensitive ERK activity, respectively. For a model in which Ca 2ϩ entering neurons Immunocytochemistry of NR2B Subunits via both NR2A-and NR2B-containing channels (A ϩ B model), E T ϭ Coverslips with cultured neurons were fixed with 4% paraformaldek(A ϩ B) and E I ϭ k(A ϩ ␣B). The degree of ERK activity inhibited hyde, permeabilized with 0.3% Triton X-100, and blocked in 10% by ifenprodil will be: (E T Ϫ E I )/E T ϭ (1 Ϫ ␣)B/(A ϩ B) ϭ (C T Ϫ C I )/C T . goat serum in PBS. A rabbit polyclonal antibody against the N termiIn other words, normalized ifenprodil-sensitive ERK activity will be nus of the NR2B subunit of the NMDA receptor (AB1557P, Chemidirectly proportional to the normalized ifenprodil-sensitive NMDA con, Temecula, CA) was used for detection in neurons expressing current. For a model in which the Ca 2ϩ enters neurons only via GFP and RasGRF1-BD. These antibodies could not be used for NR2B-containing channels (B-only model), E T ϭ kB and E I ϭ k␣B. study of the NR2B subunit distribution in neurons expressing NR2B-The normalized ERK activity inhibited by ifenprodil will be: (E T Ϫ E I )/ BD since they recognized the expressed construct. The distribution E T ϭ (1 Ϫ ␣) and will not correlate with ifenprodil-sensitive NMDA of NR2A/B subunit was determined using polyclonal antibody current. AB1548 (Chemicon). A mouse monoclonal antibody (clone K 28/43, Upstate, Waltham, MA) was used to detect PSD-95. Secondary
